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A fundamental  approach i n  t h e  Apollo Extens ion  Systems 
( A E S )  i s  maximum u t i l i z a t i o n  o f  Apollo s p a c e c r a f t  and s p a c e c r a f t  
sys tems.  T h i s  r e p o r t  c o n s i d e r s  f o u r  d e r i v a t i v e s  o f  t h e  Lunar 
l.:xcur:;-ion Module (LEM) chosen on t h e  basis  of (1) t y p e  o f  AES 
miss ions  and o b j e c t i v e s ,  ( 2 )  AES ground r u l e s  l i m i t i n g  modi f ica-  
t i o n  of s p a c e c r a f t  and f a c i l i t i e s ,  and ( 3 )  p re fe r r ed  o r  sugges t ed  
p r j m n r y  modes of  LEM and CSM u s a g e .  

a 

'l'hese d e r i v a t i v e s  a re  t h e  LEM-Lab 9 a l a b o r a t o r y  for 
o r b  i La1 iniss ions comple te ly  dependent on t h e  CSM; t h e  E a r t h -  
O r b j  t LEM, an independen t ,  separlable l abora to r>y ;  and t h e  LEN- 
Shelter and LEM-Taxi,two derivatives for d e l i v e r i n g  t h e  crew 
and payload for extended  l u n a r  s u r f a c e  m i s s i o n s .  A l l  o f  t hese  
modi f ied  s p a c e c r a f t  appea r  t o  be both  s u i t a b l e  and o b t a i n a b l e  
for t h e  AES miss ions ;  however, t h e  r equ i r emen t s  t o  be  met vary  
c o n s i d p r a b l g  arid would r e s u l t ,  i n  some c a s e s ,  i n  e x t e n s i v e  modi- 
f i  c a t  i o r i  of '  t h t l  A j ) o l  l o  LEM systems. 

--- 
-- - 

-- 

T'ho €AM-Lab could  provide  approximate ly  2 4 0  cu.  f t  o f  
p r e s s u r i z e d  volume and weigh 1 2 5 0  l b s .  The un reso lved  areas a r e  
l a r g e l y  i n  how t h e  LEM-Lab can be used r a t h e r  t h a n  s p e c i f i c  problen 
i n  t h e  m o d i f i c a t i o n .  0 
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The LEM-Shelter/LEM-Taxi combinat ion could p rov ide  
l u n a r  s u r f a c e  s t a y t i m e s  of approx ima te ly  14 days  wi th  pay loads  
o f  approx ima te ly  3000 l b s .  Q u e s t i o n a b l e  and problem a r e a s  
a r i s e  p r i m a r i l y  because of  t he rma l  c o n t r o l  and e l e c t r i c a l  power 
r equ i r emen t s  d u r i n g  p r e - u t i l i z a t i o n  s t o r a g e  of t h e  S h e l t e r  and 
s t o r a g e  of t h e  Tax i  d u r i n g  t h e  mis s ion .  Other  problems 
a s s o c i a t e d  wi th  extended miss ion  t ime a r e  r a d i a t i o n  hazard  t o  
t h e  crew and a b o r t  c a p a b i l i t y .  

Wei h t s  a r e  e s t i m a t e d  i n  a c l a s s i f i e d  appendix  
(CONFIDENTIALT; and ma jo r  problem a r e a s ,  s i g n i f i c a n t  changes,  
and un reso lved  o r  q u e s t i o n a b l e  a r e a s  f o r  t h e  f o u r  d e r i v a t i v e s  
a r e  no ted .  
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1 . 0  I N T R O D U C T I O N  TM - 65-1011-3 

The Apollo LEM i s  d i r e c t e d  toward t h e  s i n g l e  o b j e c t i v e  
o f  a manned l u n a r  l a n d i n g ,  b u t  i n h e r e n t l y  p o s s e s s e s  t h e  p o t e n t i a l  
t o  per form many f u n c t i o n s  i n  an  AES-type program. The pu rpose  
o f  t h e  LEM d e r i v a t i v e s  i s  to ex tend  t h e  c a p a b i l i t y  o f  t h e  
nominal  Apollo LEM to s u p p o r t  AES o r b i t a l  and s u r f a c e  m i s s i o n s .  
LEM d e r i v a t i v e s  to b e  cons ide red  f o r  t h e  c u r r e n t  s t u d y  a re  
bounded i n  scope  b y  (1) t h e  t y p e  o f  AES m i s s i o n s  and o b j e c t i v e s ,  
( 2 )  AES Ground r u l e s  l i m i t i n g  m o d i f i c a t i o n  of s p a c e c r a f t  and 
f a c i l i t i e s ,  and (3) p r e f e r r e d  o r  s u g g e s t e d  p r imary  modes o f  LEM 
and CSM usage .  

F o r  o r b i t a l  m i s s i o n s ,  LEM d e r i v a t i v e s  may be  expec ted  

(1) a d d i t i o n a l  p r e s s u r i z e d  volume as a l a b o r a t o r y  f o r  

( 2 )  i n t e r n a l  and e x t e r n a l  s t o r a g e  o f  e x p e r i m e n t a l  

( 3 )  a d d i t i o n a l  r e a c t i o n  c o n t r o l  and p r o p u l s i o n  

( 4 )  maneuvering c a p a b i l i t y  s e p a r a t e d  from t h e  C S M .  

F o r  ex tended  l u n a r  su r f ace  m i s s i o n s ,  LEM d e r i v a t i v e s  may 

(1) d e l i v e r y  of crew from l u n a r  o r b i t  and r e t u r n  to 

( 2 )  d e l i v e r y  and suppor t  o f  s c i e n t i f i c  p a y l o a d s ,  

( 3 )  crew s h e l t e r ,  l i f e  s u p p o r t ,  and working s p a c e  

t o  p r o v i d e  one or more of t h e  f o l l o w i n g  c a p a b i l i t i e s :  

t h e  crew and expe r imen t s  

pay loads  

c a p a b i  l i t  y 

be  e x p e c t e d  t o  p r o v i d e :  

rendezvous  w i t h  CSM 

i n c l u d i n g  m o b i l i t y  a i d s  

on t h e  s u r f a c e .  

Wi th in  t h i s  framework t h e  LEM d e r i v a t i v e s  f o r  t h e  
s u g g e s t e d  AES m i s s i o n s  can b e  grouped i n t o  f o u r  b a s i c  t y p e s :  

m 
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LEM-Lab - A modi f ied  LEM a s c e n t  s t a g e  a t t a c h e d  to t h e  
CSM f o r  u s e  as a l a b o r a t o r y  i n  e a r t h  and l u n a r  o r b i t a l  
m i s s i o n s .  The d e s c e n t  s t a g e  may b e  used  i f  a d d i t i o n a l  
p r o p u l s i o n  i s  r e q u i r e d .  

E a r t h - O r b i t  LEM - A m o d i f i e d  LEM f o r  u s e  w i t h  t h e  CSM as 
an  independen t ,  separable  s p a c e c r a f t  i n  ex tended  e a r t h  
o r b i t a l  m i s s i o n s .  

LEM-Shelter - A mod i f i ed  LEM d e l i v e r e d  unmanned from l u n a r  
o r b i t  to t h e  l u n a r  s u r f a c e  to p r o v i d e  s h e l t e r  f o r  an  
ex tended  s u r f a c e  mis s ion  o f  t h e  LEM t a x i  crew. 

LEM-Taxi - A modi f ied  LEM f o r  d e l i v e r y  o f  two rrlen n e a r  
t h e  LEM s h e l t e r  on t h e  l u n a r  s u r f a c e ,  q u i e s c e n t  s t o r a g e  
d u r i n g  t h e  ex tended  s u r f a c e  mis s ion ,  and r e t u r n  of  t h e  
crew t o  t h e  CSM i n  l u n a r  o r b i t ,  

T h i s  r e p o r t  i s  concerned w i t h  a d i s c u s s i o n  o f  each  o f  
t h e s e  d e r i v a t i v e s ,  t h e  m o d i f i c a t i o n s  to t h e  Apollo LEM which appea r  
to b e  r e q u i r e d ,  and some p o s s i b l e  problem areas .  Weight c a l c u l a -  
t i o n s  a r e  c o n t a i n e d  i n  t h e  Appendix, which i s  c l a s s i f i e d  
CONFIDENTIAL. 

2 . 0  LEM DERIVATIVES 

The s u g g e s t e d  f u n c t i o n s  o f  t h e  LEM d e r i v a t i v e s  and t h e  
r e q u i r e d  m o d i f i c a t i o n s  a re  s u f f i c i e n t l y  d i f f e r e n t  t h a t  f o u r  b a s i c  
t y p e s  r e s u l t .  I n  t h i s  s e c t i o n  t h e s e  d e r i v a t i v e s  and some p o s s i b l e  
problem areas a re  b r i e f l y  d i s c u s s e d .  The problem a r e a s  are  
r e c o g n i z e d  as b e i n g  t y p i c a l  o f  many c e r t a i n  to a r i s e  and,  a l t h o u g h  
r e p r e s e n t a t i v e ,  a r e  n o t  n e c e s s a r i l y  t h e  h i g h  r i s k  a r e a s  or c r i t i c a l  
i t  eiiis. 

2 . 1  LEM-Lab 

The pr imary  f u n c t i o n  of  t h e  LEM-Lab would b e  to p r o v i d e  
a d d i t i o n a l  p r e s s u r i z e d  volume f o r  t h e  crew and expe r imen t s  i n  
o r b i t a l  m i s s i o n s .  There  a r e  s e v e r a l  approaches  which d i f f e r  i n  
t h e  e x t e n t  o f  m o d i f i c a t i o n  t o  t h e  Apol lo  LEM and t h e  d e g r e e  to 
which t h e  module i s  to b e  dependent  on t h e  CSM. A secondary  
f u n c t i o n  would b e  to p r o v i d e  a d d i t i o n a l  p r o p u l s i o n  and maneuver- 
i n g  c a p a b i l i t y  th rough  t h e  use of  t h e  LEM a s c e n t  or, more l i k e l y ,  
d e s c e n t  p r o p u l s i o n .  
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The maximum m o d i f i c a t i o n  LEM-Lab, i n  t h e  s e n s e  of  t h e  
ground r u l e s ,  would be e s s e n t i a l l y  a s t r i p p e d  a s c e n t  s t a g e  s t r u c t u r e  
t o  which h a s  been added meteoro id  s h i e l d i n g  for extended  m i s s i o n  
p e r i o d s  and t h e  minimum hardware r e q u i r e d  t o  use  CSM env i ronmen ta l  
c o n t r o l  and e l e c t r i c a l  power. The LEM-Lab i s  assumed t o  be comple te -  
l y  dependent  on t h e  CSM f o r  l i f e  s u p p o r t ,  env i ronmen ta l  c o n t r o l  
and e l e c t r i c a l  power. Typ ica l  added hardware would be w i r i n g  f o r  
l i g h t i n g  and expe r imen t s ,  f a n  and d u c t i n g  f o r  v e n t i k t i o n ,  a CSM 
i n t e r c o m  w i t h  p r o v i s i o n  f o r  communicating w i t h  e x t r a - v e h i c u l a r  crew, 
and s i m i l a r  i t e m s .  Such a LEM-Lab would p rov ide  approx ima te ly  240 cu .  
f t .  o f  p r e s s u r i z e d  volume and weigh approx ima te ly  1250 l b s .  Respec- 
t i v e  f i g u r e s  f o r  a n  unmodified LEM a s c e n t  s t a g e  a r e  180 cu.  ft. and 
4000 l b s .  F o r  a l l  such  c a s e s  w i t h o u t  t h e  d e s c e n t  s t a g e  an  e s t i m a t e d  
400 l b s .  o f  a d d i t i o n a l  s t r u c t u r e  would be r e q u i r e d  f o r  a s c e n t  s t a g e  
mounting i n  the a d a p t e r .  

The c u r r e n t  Apollo LEM could  s e r v e  a s  a l a b  i n  unmodified 
form by s imply  o f f l o a d i n g  p r o p e l l a n t s  and expendab les .  There i s  a 
weight  p e n a l t y ,  and s t o r a g e  space  i s  somewhat more l i m i t e d  t h a n  i n  a 
c o m p l e t e l y  s t r i p p e d  a s c e n t  s t a g e .  However, t h e  unmodified LEM h a s  
t h e  advan tages  o f  a v a i l a b i l i t y  f o r  e a r l y  m i s s i o n s ,  t h e  p re sence  of  
subsys tems t o  back up o r  supplement CSM subsystems,  and t h e  a b i l i t y  
t o  maneuver a s  a s e p a r a t e  module. The l a t t e r  i s  of  i n t e r e s t  i n  e a r t h -  
o r b i t a l  m i s s i o n s  and h a s  been d e f i n e d  a s  a f u n c t i o n  of  t he  E a r t h -  
O r b i t  LEM, a n o t h e r  s e p a r a t e  LEM d e r i v a t i v e .  

The un reso lved  o r  q u e s t i o n a b l e  a r e a s  a r e  l a r g e l y  i n  how t h e  
LEM-Lab can  be used r a t h e r  t h a n  i n  s p e c i f i c  problems i n  t h e  mod i f i ca -  
t i o n .  The i n t e g r a t i o n  of  expe r imen t s ,  s t o r a g e  of  f i l m  and t a p e  d a t a ,  
and crew a c t i v i t y  a r e  u n c e r t a i n  a r e a s .  For example, i f  t h e r e  i s  t o  be 
e x t e n s i v e  e x t r a v e h i c u l a r  a c t i v i t y ,  i t  may be advantageous  t o  p rov ide  
a n  a i r i o c k .  

From the  s p a c e c r a f t  p o i n t  of  view, i n t e g r a t i o n  o f  e x p e r i -  
men ta l  equipment p r e s e n t s  t h e  problems of  r e d u c i n g  e f f e c t i v e  i n t e r n a l  
volume u s e f u l  t o  t h e  crew and p o s s i b l e  i n t e r f e r e n c e  e x t e r n a l l y  w i t h  
s p a c e c r a f t  f u n c t i o n s  e s s e n t i a l  t o  t h e  mis s ion .  I n  g e n e r a l ,  t h e  l o c a -  
t i o n s  and volumes a v a i l a b l e  a r e  known, b u t  t h e  s e l e c t i o n ,  placement ,  and 
o p e r a t i o n  o f  e x p e r i m e n t a l  equipment w i l l  r e q u i r e  e x t e n s i v e  p l a n n i n g .  

2.2 E a r t h - O r b i t  LEM 

The f u n c t i o n  of  t h e  E a r t h - O r b i t  LEM would be t o  p rov ide  
independen t  maneuvering c a p a b i l i t y  when s e p a r a t e d  from t h e  CSM. 
This  d e r i v a t i v e  must r e t a i n  most o f  t h e  p r e s e n t  LEM f u n c t i o n s ,  a s  
d i s t i n g u i s h e d  from t h e  LEM-Lab, because  i t  would be a n  independent  
module d u r i n g  a t  l e a s t  p a r t  o f  t h e  m i s s i o n .  The p r e s e n t  subsys tems 
may be s u i t a b l e  depending on t h e  d u r a t i o n  o f  t h e  mis s ion ,  t h e  t i m e  
s e p a r a t e d ,  and t h e  e x t e n t  of dependence on CSM subsystems whi l e  

3 c 
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docked. If c l o s e d - c y c l e  ECS and EPS were used ,  t h e  E a r t h - O r b i t  
LEM cou ld  supplement  t h e  CSM f o r  ex tended  m i s s i o n s .  
o f  t h i s  approach  a s  opposed t o  i n c r e a s i n g  CSM c a p a b i l i t y  should  
be s t u d i e d ,  

The p o t e n t i a l  

2 .3  LEM-Shelter 

The p r imary  purpose o f  t h e  LEM-Shelter would be t o  
p r o v i d e  crew s h e l t e r  and t h e  s c i e n t i f i c  payload f o r  ex tended  l u n a r  
s u r f a c e  m i s s i o n s .  The S h e l t e r  w i l l  be d e l i v e r e d  t o  l u n a r  o r b i t  
by CSM, checked o u t ,  and then  landed  a u t o m a t i c a l l y ,  unmanned, a t  
a p r e s e l e c t e d  s i t e .  The LEM-Taxi, which d e l i v e r s  and r e t u r n s  
t h e  crew, may f o l l o w  the  LEM-Shelter by a s  much a s  3 t o  6 months. 
T h i s  i n t e r v a l  e s t a b l i s h e s  t h e  p r e - u t i l i z a t i o n  s t o r a g e  pe r iod  f o r  
t h e  S h e l t e r  and r e p r e s e n t s  t he  fundamenta l  problem f o r  t h i s  
p a r t i c u l a r  d e r i v a t i v e  o f  t h e  LEM. A c t u a l  use  o f  t h e  S h e l t e r  
and i t s  payload would be f o r  approx ima te ly  two weeks. 
t h i s  p e r i o d  t h e  T a x i  would be i n a c t i v e  and t h e  crew would be 
e n t i r e l y  dependent  on t h e  S h e l t e r .  

During 

The LEM-Shelter could be d e r i v e d  from t h e  LEM by 
removing t h o s e  subsystems not  used,  n o t a b l y  t h e  a s c e n t  p r o p u l s i o n ,  
and modi fy ing  o r  a d d i n g  those  r e q u i r e d  f o r  t h e  m i s s i o n .  The 
s i g n i f i c a n t  changes o c c u r  i n  c ryogen ic  s t o r a g e ,  o b s t a c l e  avoidance  
f o r  unmanned l a n d i n g ,  meteoro id  and r a d i a t i o n  s h i e l d i n g ,  and 
e l e c t r i c a l  power. 

Weights f o r  t h e  S h e l t e r  m o d i f i c a t i o n  a r e  d i f f i c u l t  t o  
d e t e r m i n e  because  of s e n s i t i v i t y  t o  m i s s i o n  o p e r a t i o n s  and t h e  
e x i s t e n c e  of c u t o f f  p o i n t s  beyond which a n  e n t i r e  subsystem 
approach  o r  c o n f i g u r a t i o n  must be changed. Most problems a r i s e  
i n  c o n s i d e r i n g  t h e  storage phase -- where, wher;, how loilg, and 
e x t e n t  of  a c t i v i t y .  Use of many of  t h e  p r e s e n t  LEM subsystems 
i s  q u e s t i o n a b l e  u n l e s s  t h e  miss ion  p a i r ,  the  S h e l t e r  and Taxi ,  
i s  r e s t r i c t e d  t o  a s p e c i f i c ,  t a i l o r e d  m i s s i o n .  

P r e s e n t  LEM systems would a l l o w  a s u r f a c e  s t o r a g e  p e r i o d  
of up t o  abou t  12 days  and an a c t i v e  p e r i o d  of  14 days ,  assuming 
t h e  n e c e s s a r y  expendab les  a r e  c a r r i e d  i n  a d d i t i o n a l  t a n k s  o f  
c u r r e n t  LEM d e s i g n  and e x t r a  i n s u l a t i o n  i s  used .  S t o r a g e  of 
hydrogen a p p e a r s  t o  be t h e  l i m i t i n g  f a c t o r .  For t h e  c a s e  above, 
t h e  t o t a l  hydrogen weight  p e n a l t y  would be approx ima te ly  1000 l b s .  
and r e p r e s e n t s  a volume, r a t h e r  t h a n  a weight, l i m i t a t i o n .  S t o r a g e  
p e r i o d s  beyond 12  days  r e q u i r e  new hydrogen t a n k s  o r  more e f f i c i e n t  
hydrogen usage .  The c u r r e n t  open-cycle  f u e l  c e l l s  r e q u i r e  e x c e s s  
hydrogen,  s e v e r a l  t i m e s  s t o i c h i o m e t r i c .  I f  a c l o s e d - c y c l e  EPS 
were used,  t h e  p r e s e n t  t a n k s  would p r o v i d e  45 d a y  s t o r a g e  f o r  a n  
800 l b .  p e n a l t y .  It a p p e a r s  t h a t  development  of  new t a n k s  and 
c l o s e d - c y c l e  EPS and ECS w i l l  be  r e q u i r e d  f o r  s t o r a g e  p e r i o d s  o f  3 
t o  6 months. 

I 
U m 
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The d u r a t i o n ,  mode, and l o c a t i o n  o f  s t o r a g e  s i g n i f i c a n t l y  
i n f l u e n c e  t h e  t y p e  of m o d i f i c a t i o n s  f o r  the  s h e l t e r .  It a p p e a r s  
t h a t  t h e  d u r a t i o n  shou ld  be between 3 to 6 months to s u i t  l a u n c h  
r a t e s  and d e s i r e d  f l e x i b i l i t y ,  and t h a t  the  s t o r a g e  mode shou ld  
approach  comple te  h i b e r n a t i o n  and independence of envi ronment .  
The c h o i c e  of s t o r a g e  l o c a t i o n ,  whether i n  l u n a r  o r b i t ,  on t h e  
s u r f a c e ,  or a combina t ion ,  i s  a f f e c t e d  by s e v e r a l  c o n s i d e r a t i o n s .  

P e r t i n e n t  arguments f a v o r i n g  l u n a r  o r b i t  s t o r a g e  a r e  
t h a t  i t  p r e s e n t s  l e s s  of a n  o v e r a l l  t h e r m a l  problem because  o f  
r e d u c t i o n  i n  t h e  t o t a l  h e a t  l oad  and v a r i a t i o n  i n  h e a t  l o a d ,  t h a t  
t h e  T a x i  can  l a n d  f i r s t  and a i d  i n  S h e l t e r  d e s c e n t ,  and t h a t  t h e  
m i s s i o n  i s  n o t  immedia te ly  committed to a p a r t i c u l a r  s i t e ,  
Although t h e  o v e r a l l  thermal problem i s  reduced ,  t h e  d e s c e n t  pro-  
p e l l a n t  t e m p e r a t u r e s  would be a problem. 

Arguments f o r  l u n a r  s u r f a c e  s t o r a g e  a r e  t h a t  t h e  
S h e l t e r  p o s i t i o n  and s t a t u s  can  be v e r i f i e d  p r i o r  to Tax i  l aunch ,  
t h a t  t h e  CSM can  p r o v i d e  checkout  p r i o r  to d e s c e n t  and c a n  mon i to r  
t he  l a n d i n g ,  and t h a t  t h e  S h e l t e r  c a n  p r o v i d e  a beacon for t he  
T a x i .  The impor tance  o f  t h e s e  f a c t o r s  must be de te rmined  b e f o r e  
a d e c i s i o n  c a n  be made. 

R a d i a t i o n  p r o t e c t i o n  may a l s o  be a problem a r e a .  Dur ing  
a 1 4  day  l u n a r  s u r f a c e  mis s ion ,  t h e r e  i s  a p r o b a b i l i t y  of 0.75 
o f  n o t  exceed ing  t h e  a l l o w a b l e  r a d i a t i o n  dose  f o r  t h e  crew, based  
on t h e  Apollo p r o b a b i l i t y  of 0.98 f o r  a 1 d a y  p e r i o d .  
p r o b a b i l i t y  o f  a b o r t  f rom an u n s h i e l d e d  LEM-Shelter because  o f  
r a d i a t i o n  a l o n e  i s  0.25 i n  14 d a y s .  

Thus, 

S h i e l d i n g  to reduce  t h i s  p r o b a b i l i t y  can  be provided  

t h e  LEM-Shelter w i t h  l u n a r  m a t e r i a l .  None of t h e s e  approaches  
i s  p a r t i c u l a r l y  a t t r a c t i v e .  

by a d d i t i o n a l  LEiv!-Sileitei? Illass, a stoi-rji sl-lelter, or by c o v e r i n g  

I n t e g r a l  s h i e l d i n g  r e q u i r e s  s t r u c t u r a l  m o d i f i c a t i o n  and 
a s i g n i f i c a n t  p a r t  of t h e  S h e l t e r  payload .  

The s to rm s h e l t e r  r e q u i r e s  new development ,  c o m p l i c a t e s  
l i f e  s u p p o r t  and ECS, and r e n d e r s  t h e  crew i n e f f e c t i v e  f o r  t he  
p e r i o d  used .  

Use of l u n a r  m a t e r i a l  a s  a c o v e r i n g  l a y e r  h a s  t h e  
problems o f  unknown a v a i l a b i l i t y  and c h a r a c t e r i s t i c s ,  d e p o s i t i o n ,  
r e t e n t i o n ,  and i n t e r f e r e n c e .  The r e q u i r e d  t h i c k n e s s  i s  e s t i m a t e d  
to be 1.5 i n c h e s  or approx ima te ly  8 lb./sq, .  f t .  f o r  a p r o b a b i l i t y  
o f  no a b o r t  of 0.98. Assuming t h i s  i s  no t  a n  e x c e s s i v e  burden  f o r  
t he  s t a t i c  S h e l t e r  and t h a t  r e t a i n i n g  s t r u c t u r e  and a d e p o s i t i n g  
d e v i c e  cou ld  be p rov ided ;  t h e r e  remains  t h e  q u e s t i o n  of  whether 
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crew t ime invo lved  i n  t h e  c o v e r i n g  p r o c e s s  p r o v i d e s  an  advantage  
on t r a d e o f f  w i t h  i n c r e a s e  i n  t o t a l  u s e f u l  s t a y  t ime ,  and t h e  
problem of i n t e r f e r e n c e  wi th  a n t e n n a s ,  r a d i a t o r s ,  and t h e r m a l  
c o n t r o l  s u r f a c e s .  

I n  s e v e r a l  c a s e s  t h e  a d d i t i o n  of a n  a i r l o c k  would 
r e s u l t  i n  an  lower o v e r a l l  weight ,  because  of  reduced  s p a c e c r a f t  
oxygen l o s s e s  d u r i n g  crew e g r e s s - i n g r e s s  c y c l e s .  The a i r l o c k  
c o n s i d e r e d  for AES LEM d e r i v a t i v e s  i s  a s t r u c t u r a l ,  p o s s i b l y  
i n f l a t a b l e ,  appendage a t t a c h e d  to t h e  o u t s i d e  of  t h e  forward h a t c h  
weighing approx ima te ly  100 l b s .  F u r t h e r  o v e r a l l  weight  r e d u c t i o n s  
would be p o s s i b l e  i f  t h e  a i r l o c k  were supplemented by pump down 
and s t o r a g e  of t h e  a i r l o c k  atmosphere.  I n  b o t h  c a s e s  t h e  c r o s s -  
o v e r  p o i n t  i s  r e l a t i v e l y  low, b e i n g  i n  t h e  neighborhood of 10 
to 20 e g r e s s - i n g r e s s  c y c l e s ,  and can  p robab ly  be j u s t i f i e d  on a 
weight  b a s i s  f o r  most  o f  t h e  ex tended- type  m i s s i o n s  c o n s i d e r e d  
for AES. Trace con tamina t ion  b u i l d u p  may be s i g n i f i c a n t  under  such  
c o n d i t i o n s  and r e q u i r e  i n t e n t i o n a l  decompression a s  a system p u r g e ,  

2.4 LEM-Taxi 

The pr imary  f u n c t i o n s  of  the  LEM-Taxi would be t o  d e l i v e r  
a two-man crew to t h e  l u n a r  s u r f a c e  f o r  a n  ex tended  S h e l t e r  m i s s i o n  
and t o  r e t u r n  t h e  crew to t h e  CSN i n  l u n a r  o r b i t .  I n  e f f e c t ,  
t h i s  means t h e  LEM-Taxi and t h e  a s s o c i a t e d  CSM would per form t h e  
nominal Apollo m i s s i o n  w i t h  an  ex tended  w a i t i n g  p e r i o d  of  a p p r o x i -  
m a t e l y  14 days  between LEM d e s c e n t  and a s c e n t .  

Most m o d i f i c a t i o n s  for a LEM-Taxi a r e  expec ted  t o  be i n  
e l e c t r i c a l  power g e n e r a t i o n  and the rma l  c o n t r o l  and would be 
caused  by t h e  q u i e s c e n t  s t o r a g e  p e r i o d  and sys tem s t a t u s  m o n i t o r i n g  
d u r i n g  t h i s  p e r i o d .  S p e c i f i c  m o d i f i c a t i o n s  t h e  arriount of’ 
a d d i t i o n a l  expendables  would depend on t h e  environment  and t h e  
e x t e n t  to which s t o r a g e  i s  q u i e s c e n t .  I d e a l l y ,  t h e  LEM-Taxi 
would be comple t e ly  i n a c t i v e  and the rma l  c o n t r o l  would be by 
s o l e l y  p a s s i v e  means. However, a s  p r e s e n t l y  conce ived ,  some 
sys tems would be o p e r a t i n g  and e l e c t r i c a l  power and a c t i v e  t h e r m a l  
c o n t r o l  would be r e q u i r e d  d u r i n g  t h e  s t o r a g e  p e r i o d .  

The major  problem i n  t h e  proposed LEM-Taxi a p p e a r s  to 
be t h e  weight  p e n a l t y  for m o d i f i c a t i o n s  and expendab les .  Modi- 
f i c a t i o n s  a r e  expec ted  to be main ly  i n s u l a t i o n  f o r  p r o p u l s i o n  
and c ryogen ic  t a n k s ,  a d d i t i o n a l  tankage ,  i n c r e a s e d  meteoro id  s h i e l d -  
i n g ,  and f u e l  c e l l s .  Some c u r r e n t  components may n o t  be s u i t a b l e  
for extended  p e r i o d s  of o p e r a t i o n .  F o r  example, ECS p o r o u s - p l a t e  
w a t e r  b o i l e r  performance may degrade  w i t h  t ime because  of  b u i l d u p  
o f  con taminan t s .  The use of p r e s e n t  f u e l  c e l l s  i s  q u e s t i o n a b l e  
because  of t h e i r  l i m i t e d  l i f e t i m e  and t h e  weight  p e n a l t y  f o r  
open-cycle  o p e r a t i o n  d u r i n g  s t o r a g e .  Closed-cyc le  EPS and ECS, 
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s i m i l a r  t o  t h e  p r e s e n t  CSM subsystems and t h o s e  l i k e l y  t o  be 
deve loped  f o r  t h e  LEM-Shelter, would r educe  t h i s  p e n a l t y .  Other  
q u e s t i o n a b l e  a r e a s  concern  i n e r t i a l  measuring u n i t  t e m p e r a t u r e  
l i m i t s  d u r i n g  t h e  s t o r a g e  phase,  a b o r t  c a p a b i l i t y ,  l a n d i n g  e j e c t a  
damage t o  t h e  S h e l t e r ,  communications on s h a r e d  f r e q u e n c i e s ,  and 
t h e  mode and e x t e n t  of s t a t u s  m o n i t o r i n g .  

2.5 A l t e r n a t e  Uses of L E M  D e r i v a t i v e s  

p o s s i b l y  d i c t a t e  s u b s t i t u t i o n  of  a LEM d e r i v a t i v e  i n  a m i s s i o n  
f o r  which i t  was n o t  a s s i g n e d .  A l t e r n a t e  u s e s  were c o n s i d e r e d  
for t h i s  r e a s o n  and because  o f  t h e  p o t e n t i a l  r e d u c t i o n  i n  t h e  
number of d i f f e r e n t  s p a c e c r a f t .  
a p p e a r s  r e a s o n a b l e  if t h e  LEM-Lab and E a r t h - O r b i t  LEM could  be 
combined, o r  if t h e  LEM-Shelter could  be used f o r  E a r t h - O r b i t  
LEM m i s s i o n s .  Both approaches  r e s u l t  i n  p e n a l t i e s .  It was 
e s t a b l i s h e d ,  however, t h a t  t he  LEM-Shelter and t h e  Apol lo  LEM 
cou ld  be u s e f u l  a l t e r n a t i v e s  f o r  e a r l y  o r b i t a l  l a b  m i s s i o n s ,  
a l t h o u g h  a weight  p e n a l t y  m u s t  be  p a i d  f o r  t h i s  f l e x i b i l i t y .  

volume f o r  expe r imen t s  and c r e w  e x p e r i m e n t a l  work, LEM-Shelter 
volume should  be approx ima te ly  t h e  same a s  t h e  Apol lo  LEM a s c e n t  
s t a g e ,  e s t i m a t e d  a t  180 cu  f t . ,  a s  opposed t o  LEM-Lab volume of  
240 C U .  f t .  
expendab les  on ly ,  a r e  LEM a s c e n t  s t a g e  a t  4000 l b s  and LEM-Shelter 
a s c e n t  s t a g e  a t  4500 l b .  
2800 l b .  and 3300 l b .  r e s p e c t i v e l y ,  compared t o  t h e  LEM-Lab weight  
of 1200 l b s .  

O p e r a t i o n a l  o r  s c h e d u l i n g  c o n s t r a i n t s  may f a v o r  o r  

Reduct ion t o  t h r e e  b a s i c  t y p e s  

The pr imary  o b j e c t i v e  i s  t o  p rov ide  a d d i t i o n a l  p r e s s u r i z e d  

The a s s o c i a t e d  we igh t s ,  assuming o f f l o a d i n g  of  

These we igh t s  r e p r e s e n t  p e n a l t i e s  of  
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LEM d e r i v a t i v e s ,  based on AES m i s s i o n s ,  ground r u l e s  
and p r imary  modes of LEM and CSM usage can  be grouped ln tu  four 
b a s i c  t y p e s :  

LEM-Lab - A mod i f i ed  a s c e n t  s t a g e  a t t a c h e d  to t h e  CSM f o r  u s e  
a s  a l a b o r a t o r y  i n  e a r t h  and l u n a r  o r b i t a l  m i s s i o n s .  
f u n c t i o n  would be  to prov ide  a d d i t i o n a l  p r e s s u r i z e d  volume f o r  t h e  
crew and expe r imen t s .  
a d d i t i o n a l  p r o p u l s i o n  u s i n g  t h e  a s c e n t  or d e s c e n t  s t a g e  p r o p u l s i o n .  

The LEM-Lab, b a s i c a l l y  a s t r i p p e d  a s c e n t  s t a g e  w i t h  t h e  
minimum hardware r e q u i r e d  t o  u s e  CSM ECS and EPS would p r o v i d e  
a p p r o x i m a t e l y  240 c u ,  f t .  and weigh 1250 l b s .  The c u r r e n t  Apollo 
LEM cou ld  s e r v e  by s i m p l y  o f f l o a d i n g  p r o p e l l a n t s  and expendab les .  
The r e s p e c t i v e  f i g u r e s  would be 180 cu .  f t .  and 4000 l b s .  

The p r imary  

A secondary  f u n c t i o n  would be t o  p r o v i d e  

The un reso lved  a r e a s  a r e  l a r g e l y  i n  how t h e  LEM-Lab 
c a n  be used r a t h e r  t h a n  s p e c i f i c  problems i n  t he  m o d i f i c a t i o n .  

E a r t h - O r b i t  LEM - A modif ied LEM f o r  u se  with the  CSM a s  a n  
independen t ,  s e p a r a b l e  s p a c e c r a f t  i n  ex tended  e a r t h  o r b i t a l  m i s s i o n s .  

Because o f  independent  o p e r a t i o n  t h i s  d e r i v a t i v e  must 
r e t a i n  most o f  t h e  LEM f u n c t i o n s .  
the  CSM subsys tems f o r  extended m i s s i o n s  m e r i t s  s t u d y .  

LEM-Shelter - A mod i f i ed  LEM d e l i v e r e d  unmanned from l u n a r  o r b i t  
t o  t h e  l u n a r  s u r f a c e  t o  p r o v i d e  s h e l t e r  for a n  ex tended  s u r f a c e  
m i s s i o n  o f  t h e  LEM-Taxi crew. 

The p o t e n t i a l  o f  supplement ing  

LEM subsys tems not  r e q u i r e d ,  i n c l u d i n g  a s c e n t  p r o p u l s i o n ,  
would be removed to p r o v i d e  i n c r e a s e s  i n  volume and weight f o r  
t he  S h e l t e r  m i s s i o n  payload  and a d d i t i o n a l  e x p e n d a b l e s ,  
n i f i c a n t  changes from t h e  c u r r e n t  LEM would be expec ted  i n  
c r y o g e n i c  s t o r a g e ,  o b s t a c l e  avo idance  f o r  unmanned l a n d i n g ,  
r a d i a t i o n  s h i e l d i n g ,  and e l e c t r i c a l  power g e n e r a t i o n .  

S ig-  

Dura t ion ,  mode, and l o c a t i o n  d u r i n g  s t o r a g e  r e q u i r e  
f u r t h e r  s t u d y .  For s u r f a c e  s t o r a g e  t h e  c u r r e n t  hydrogen t a n k s  and 
open-cycle  EPS l i m i t  t h e  p r e - u t i l i z a t i o n  s t o r a g e  p e r i o d  t o  a p p r o x i -  
m a t e l y  1 2  days ,  f o r  a hydrogen weight p e n a l t y  of 1000 l b s .  I f  a 
c l o s e d - c y c l e  EPS were used the r e s p e c t i v e  f i g u r e s  would be 45 
days and 800 l b s .  
c y c l e  EPS would be r e q u i r e d  f o r  s t o r a g e  p e r i o d s  o f  3 to 6 months.  

It a p p e a r s  t h a t  t a n k  r e d e s i g n  and c l o s e d -  
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R a d i a t i o n  s h i e l d i n g  f o r  t h e  crew i s  a problem. I f  
a d d i t i o n a l  s h i e l d i n g  were not  provided  t h e r e  i s  a b o u t  a 25% 
chance  o f  a n  a b o r t  b e i n g  r e q u i r e d  due to r a d i a t i o n  d u r i n g  a 
14-day s u r f a c e  s t a y t i m e .  Means o f  r e d u c i n g  t h i s  p r o b a b i l i t y  
s h o u l d  be i n v e s t i g a t e d .  

LEM-Taxi - A mod i f i ed  LEM f o r  d e l i v e r y  of  two men n e a r  t h e  
LEM-Shelter on the  l u n a r  s u r f a c e ,  q u i e s c e n t  s t o r a g e  d u r i n g  the  
ex tended  s u r f a c e  m i s s i o n ,  and r e t u r n  of  t h e  crew t o  the  CSM i n  
l u n a r  o r b i t .  

The T a x i  would per form the  nominal Apol lo  m i s s i o n  wi th  
t he  a d d i t i o n  o f  a n  ex tended  w a i t i n g  p e r i o d  on t h e  s u r f a c e ,  It 
i s  e s t i m a t e d  t h e  s e p a r a t i o n  weight o f  t h e  Taxi would be 100 t o  
1000 l b s .  g r e a t e r  t h a n  t h a t  of  t h e  LEM, which does  n o t  i n c l u d e  
a n y  s c i e n t i f i c  payload t o  be r e t u r n e d  f o l l o w i n g  a 14-day m i s s i o n .  
Closed-cyc le  ECS and EPS would r educe  t h i s  p e n a l t y ,  

Q u e s t i o n a b l e  a r e a s  f o r  f u t u r e  s t u d y  i n c l u d e  a b o r t  
c a p a b i l i t y  and t h e  e x t e n t  of a c t i v i t y  d u r i n g  t h e  s t o r a g e  p e r i o d ,  
which i s  i n f l u e n c e d  by  t h e  need f o r  a c t i v e  thermal c o n t r o l  and 
s y s t e m  s t a t u s  m o n i t o r i n g .  

The f o u r  d e r i v a t i v e s  c o n s i d e r e d  a p p e a r  t o  be b o t h  s u i t a b l e  
and o b t a i n a b l e  f o r  t h e  AES m i s s i o n s .  I n  some c a s e s  t he  e x t e n s i o n  
of c a p a b i l i t y ,  i n c r e a s i n g  s u r f a c e  t ime to 14  days  wi th  long-  
te rm s t o r a g e  f o r  example, can be o b t a i n e d  o n l y  by major  subsys tem 
changes .  I n  a l l  c a s e s  t he  LEM d e r i v a t i v e s  r e p r e s e n t  compromises 
and a re  s u i t a b l e  o n l y  i f  viewed a s  i n t e r i m  improvements of  t h e  
e x i s t i n g  Apol lo  LEM. F u r t h e r ,  t h e  s o l u t i o n  of  b a s i c  problems,  a s  
i n  the  p r e v i o u s  example o f  the  LEM-Shelter, may i n v o l v e  e f f o r t  
comparable  t o  t he  development of  more s u i t a b l e  modules and d e r i v a t i v e s  
h a v i n g  g r e a t e r  p o t e n t i a l .  The r e l a t i v e  mer i t s  of  such  compromises 
w i t h  t he  a t t e n d a n t  l i m i t a t i o n s  on crew s i z e ,  volume and payload  
we igh t ,  m o b i l i t y ,  and o t h e r  c o n s t r a i n i n g  f a c t o r s  shou ld  be c o n s i d e r e d ,  
a s  opposed to o t h e r  s i m i l a r  approaches  unde r  AES-type ground r u l e s .  
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APPENDIX 

LEM DERIVATIVE: SUBSYSTEM MODIFICATIONS AND WEIGHT ESTIMATES 

The r e q u i r e m e n t s  t o  be m e t  by t h e  AES LEM d e r i v a t i v e  
v a r y  c o n s i d e r a b l y  and r e s u l t ,  i n  some c a s e s ,  i n  e x t e n s i v e  
m o d i f i c a t i o n  of t h e  Apollo LEM subsys tems.  I n  t h i s  s e c t i o n  t h e  
f o u r  b a s i c  d e r i v a t i v e s  and t h e i r  r e s p e c t i v e  subsys tem modi- 
f i c a t i o n s  a r e  b r i e f l y  d e s c r i b e d .  

I n  some c a s e s  a subsystem or p a r t s  o f  a subsystem a r e  
d e l e t e d .  No d i s t i n c t i o n  has been made a s  t o  when d e l e t i o n ,  
s u b s t i t u t i o n ,  or m o d i f i c a t i o n  a r e  done; t h a t  i s ,  whether  t h e  
hardware i s  removed from a completed or p a r t i a l l y  completed LEM 
or s imply  n o t  i n s t a l l e d  from t h e  beg inn ing  or a s  t o  t h e  r e l a t i v e  
d i f f i c u l t y  invo lved .  

Weights a r e  e s t i m a t e d  and major  problem a r e a s ,  s i g n i f i c a n t  
changes ,  and un reso lved  or q u e s t i o n a b l e  a r e a s  a r e  n o t e d .  Weight 
f i g u r e s  a r e  p a r t i a l l y  based  on i n f o r m a t i o n  from t h e  GAEC mass 
p r o p e r t y  r e p o r t  r e f l e c t i n g  LEM s t a t u s  o f  J a n u a r y  1, 1965, and 
from c u r r e n t  p r e l i m i n a r y  d a t a  o b t a i n e d  by GAEC i n  t h e  LEM 
U t i l i z a t i o n  S tudy ,  as  of  J anua ry  13, 1965. These weight  f i g u r e s  
show n e t  weight  change and d o  n o t  i n d i c a t e  t h e  e x t e n t  of  hardware 
change or s u b s t i t u t i o n .  

It should  be noted t h a t  a l t h o u g h  p a r t  o f  t h e  i n f o r m a t i o n  
has been o b t a i n e d  from GAEC and has  been u s e f u l  i n  t h i s  s t u d y ,  
i t  i s  o f  a p r e l i m i n a r y  n a t u r e ;  and t h i s  r e p o r t  does  n o t  and i s  

d e r i v a t i v e s .  
1-106 i n t e n d e d  to prese i i t  01- appi-alse tkLe GAEC p ~ s i t i o f i  ~ f i  LEM 

1.0 LEM-LAB 

1.1 D e s c r i p t i o n  

A modi f ied  LEM a s c e n t  s t a g e  a t t a c h e d  t o  t h e  CSM f o r  use  
a s  a l a b o r a t o r y  i n  e a r t h  and l u n a r  o r b i t a l  m i s s i o n s .  The d e s c e n t  
s t a g e  i s  used i f  a d d i t i o n a l  p r o p u l s i o n  i s  r e q u i r e d .  LEM-Lab, 
e s s e n t i a l l y  a s t r i p p e d  a s c e n t  s t a g e ,  would have a p r e s s u r i z e d  
volume o f  approx ima te ly  240 c u .  f t .  (Apol lo  LEM, 180 c u .  f t . )  and 
weight  of  approx ima te ly  1200 l b .  
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Sub s y s  tems 

C r e w  p r o v i s i o n s :  removed, e x c e p t  r e s t r a i n t  h a r n e s s .  
C r e w  i s  e n t i r e l y  dependent  on CSM f o r  l i f e  s u p p o r t .  

C o n t r o l s  and d i s p l a y s :  removed. Add b a s i c  i n s t r u m e n t  
p a n e l  and conso le .  

EPS: removed. Add minimal  w i r i n g  for expe r imen t s  
and l i g h t i n g .  

ECS: removed. Add f a n ,  d u c t i n g ,  and plumbing for u s e  
o f  CSM ECS. 

G&N, S&C: removed 

P r o p u l s i o n :  removed from a s c e n t  s t a g e .  Descent  
s t a g e  p r o p u l s i o n  unchanged, i f  u sed .  

S t r u c t u r e :  i n c r e a s e  me teo ro id  s h i e l d i n g .  P o s s i b l y  
add e x t e r n a l  a i r l o c k .  Use e x i s t i n g  h a r d p o i n t s  f o r  
mounting i n t e r n a l  and e x t e r n a l  s c i e n t i f i c  equipment .  

Communications and I n s t r u m e n t a t i o n :  removed. P rov ide  
CSM in te rcom wi th  p r o v i s i o n  f o r  communicating w i t h  
e x t r a v e h i c u l a r  crew. 

1101 
- 307 

Bas ic  LEM-Lab (Ascent  S t a g e )  Weight 

B a s i c  a s c e n t  s t a g e  s t r u c t u r e  
Remove: equipment s u p p o r t s  & c o v e r s  
Add: C r e w  r e s t r a i r i i s  

Minimum l i g h t i n g ,  w i r i n g ,  d i s p l a y s ,  
f a n  and d u c t i n g ,  communications,  
meteoro id  s h i e l d i n g ,  a i r l o c k  + 455 

TOTAL ................................... 
Q u e s t i o n s ,  Changes, and Problem Areas  

1250 l b .  

Unreso lved :  I n t e g r a t i o n  o f  expe r imen t s  
Need for a i r l o c k  
S to rage  of  d a t a  ( f i l m ,  t a p e s )  
Meteoroid and r a d i a t i o n  p r o t e c t i o n  r e q u i r e d  
Extent  o f  dependence on CSM 

S i g n i f i c a n t  changes:  Removal of a l l  Apollo LEM subsys tems.  
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2.0 EARTH-ORBIT LEM 

2 .1  D e s c r i p t i o n  

Modified LEM a s c e n t  and d e s c e n t  s t a g e s  f o r  u se  w i t h  
CSM a s  an  independent ,  s e p a r a b l e  s p a c e c r a f t  i n  ex tended  e a r t h  
o r b i t a l  m i s s i o n s .  

2.2 Subsystems 

C r e w  P r o v i s i o n s :  Probable  d e c r e a s e  i n  r e q u i r e m e n t s  
because  of p a r t - t i m e  dependence on CSM. Depends on 
l e n g t h  o f  t ime s e p a r a t e d  from CSM. P r e s e n t  expen- 
d a b l e s  good f o r  4 man days  o n l y .  

C o n t r o l s  and d i s p l a y s :  Add b a s i c  p a n e l  and c o n s o l e  f o r  
expe r imen t s .  

EPS: Extend f u e l  c e l l  l i f e  and/or  i n c r e a s e  b a t t e r y  
supplement .  Requirements dependent  on m i s s i o n  and 
power p r o f i l e  . 

ECS: No change r e q u i r e d  f o r  crew. Power p r o f i l e  and 
m i s s i o n  o p e r a t i o n s  s e l e c t e d  have s i g n i f i c a n t  e f f e c t  
on wa te r  r e q u i r e d  f o r  t he rma l  c o n t r o l .  For extended  
m i s s i o n s  s e p a r a t e d  from CSM, p robab ly  would need 
c l o s e d  c y c l e  ECS. 

G&N, S&C: No change. P o s s i b l y  o f f l o a d  RCS p r o p e l l a n t .  

P r o p u l s i o n :  Remove a s c e n t  p r o p u l s i o n .  P o s s i b l y  o f f l o a d  
d e s c e n t  p r o p e l l a n t .  

S t r u c t u r e :  No change, e x c e p t  p o s s i b l e  a i r l o c k .  
Meteoroid and r a d i a t i o n  s h i e l d i n g  f o r  ex tended  
s e p a r a t i o n ,  

Communications and I n s t r u m e n t a t i o n :  No change. May need 
more e x t e n s i v e  CEM LEM l i n k s .  

2.3  E a r t h - O r b i t  LEM Weight 

Remove a s c e n t  p r o p u l s i o n  
Add a i r l o c k  

5244 
100 

N e t  change, a v a i l a b l e  f o r  payload ..... approx .  5000 l b .  
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2 .4  Q u e s t i o n s ,  Changes, and Problem Areas 

Unresolved:  Need f o r  a i r l o c k  
E x t e n t  o f  p a r t - t i m e  dependence on CSM 
Meteoroid and r a d i a t i o n  p r o t e c t i o n  r e q u i r e d  
Use of a s c e n t  and/or  d e s c e n t  p r o p u l s i o n  

S i g n i f i c a n t  changes:  Remove a s c e n t  p r o p u l s i o n  
ECS and EPS m o d i f i c a t i o n s  ( p o s s i b l e )  

Major problems: F u e l  c e l l  l i f e  t ime 
D e f i n i t i o n  o f  m i s s i o n .  

3.0 LEM-SHELTER 

3 .1  D e s c r i p t i o n  

Modif ied LEM d e l i v e r e d  unmanned t o  p r o v i d e  s h e l t e r  f o r  
14 d a y  s u r f a c e  m i s s i o n  of t h e  LEM T a x i  crew. 

3.2 Subsystems 

Crew P r o v i s i o n s :  S i g n i f i c a n t  i n c r e a s e  o v e r  Apol lo  
r e q u i r e m e n t s  because  of  expendables  f o r  ex tended  
d u r a t i o n  and i n c r e a s e d  e x t r a - v e h i c u l a r  a c t i v i t i e s ,  
Provide  s p a r e  s u i t s  and backpacks.  

C o n t r o l  and D i s p l a y s :  Manned f l i g h t  c o n t r o l s  n o t  r e q u i r e d  
b u t  must have t h o s e  c o n t r o l s  and d i s p l a y s  needed for 
l u n a r  o r b i t  checkout  p r i o r  to s e p a r a t i o n  and f o r  
s u r f a c e  mis s ion .  Add d i s p l a y s  f o r  m o n i t o r i n g  s t a t u s  
of' LEN T a x i .  

G&N, S&C: Add unmanned l a n d i n g  c a p a b i l i t y  ( o b s t a c l e  
a v o i d a n c e ) .  Off load  RCS. Abort  c o n t i n g e n c i e s ,  
a s c e n t  c a p a b i l i t y  n o t  needed. 

EPS: F u e l  c e l l s  r e q u i r e  c a p a b i l i t y  f o r  e i t h e r  shutdown/ 
s t o r a g e / r e s t a r t ,  c o n t i n u o u s  i d l i n g  ( e x c e s s i v e  c r y o g e n i c  
expendables  p e n a l t y ) ,  o r  s t o r a g e / s t a r t .  There a r e  
s e v e r a l  p o s s i b l e  approaches ,  a l l  r e q u i r i n g  e x t e n s i v e  
m o d i f i c a t i o n  and, most l i k e l y ,  a c l o s e d  EPS c y c l e .  
S t o r a g e  of  expendables  r e q u i r e s  deve lopment .  

ECS: S i g n i f i c a n t  i n c r e a s e  i n  expendables  because  of  
r e l a t i v e l y  long-term s t o r a g e  and a c t i v e  p h a s e s .  

P r o p u l s i o n :  Remove a s c e n t  p r o p u l s i o n .  P o s s i b l y  o f f l o a d  
d e s c e n t  p r o p e l l a n t .  
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S t r u c t u r e s :  I n c r e a s e  meteoro id  s h i e l d i n g .  R a d i a t i o n  
s h i e l d i n g  p e n a l t y  may be e x c e s s i v e .  Add e x t e r n a l  
a i r l o c k s  and, if c l o s e d  c y c l e ,  ECS/EPS r a d i a t o r ( s ) .  

Communications and I n s t r u m e n t a t i o n :  Modify t o  meet 
r e q u i r e m e n t s  for t r a n s m i t t i n g  s t a t u s  d u r i n g  s t o r a g e  
phase and f o r  mon i to r ing  LEM T a x i  s t a t u s  d u r i n g  
a c t i v e  phase .  Unmanned l a n d i n g  may i n c r e a s e  
r e q u i r e m e n t s ,  depending on mode s e l e c t e d .  

3.3 LEM-Shelter Weight 

I f  t h e  S h e l t e r  i s  t o  have s t o r a g e  p e r i o d s  o f  3 months 
to 6 months, based on l a u n c h  r a t e s ,  t h e n  s t o r a g e  o f  expendables  
w i l l  have t o  be improved wel l  beyond c u r r e n t  LEM c a p a b i l i t y .  
F u r t h e r ,  i f  t h e  LEM S h e l t e r / T a x i  p a i r e d  m i s s i o n s  a r e  t o  have 
r e a s o n a b l e  o p e r a t i o n a l  f l e x i b i l i t y ,  t h e n  the  c u r r e n t  ECS and EPS 
open c y c l e s  may n o t  be s u i t a b l e ,  

Assumptions made f o r  t h e  S h e l t e r  subsys tems t o  e s t i m a t e  

(1) Closed ECS and EPS c y c l e s ,  s i m i l a r  t o  CSM 

( 2 )  Hydrogen s t o r a g e  i n  e x c e s s  o f  3 months i s  a t t a i n a b l e  

a we igh t  f i g u r e  a r e :  

f o r  800 l b s .  

Remove: G&N, S&C - 114 
Experiment  payload - 170 
Propulsicr! - 
RCS - 570 
C o n t r o l s  & d i s p l a y s  - 105 
ECS, EPS, o t h e r  - 800 

c-li 1 1  
,,r-t-t 

Add : ECS and EPS + 2130 
S t r u c t u r e  ( i n c .  r a d i a t o r s )  + 700 
C r e w  p r o v i s i o n s  + 150 
Pre-usage s t o r a g e  + 800 

3223 l b s .  Net change,  a v a i l a b l e  f o r  payload* 

* Payload shou ld  i n c l u d e  s p a r e  s u i t s  and backpacks  - approx .  280 l b s .  
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3.4 Q u e s t i o n s ,  Changes, and Problem Areas 

Unresolved:  

P r e - u t i l i z a t i o n  s t o r a g e  t ime ,  mode, and l o c a t i o n  
S t a t u s  mon i to r ing  
Unmanned, au tomat i c  l a n d i n g  mode 
Need f o r  a i r l o c k ,  pump down 
Rad ia t ion  hazard p r o t e c t i o n  
Adequacy of l a n d i n g  g e a r  - depends on unmanned l a n d i n g  

S i g n i f i c a n t  changes :  

Closed ECS and EPS c y c l e s  
Cryogenic t a n k s  

Major problems:  

Cryogenic s t o r a g e  
Fue l  c e l l  l i f e  
Genera l  u p r a t i n g  of  component l i f e  
R a d i a t i o n  p r o t e c t  i o n  

4.0 LEM-TAXI 

4 , l  D e s c r i p t i o n  

Modified LEM f o r  d e l i v e r y  of two men n e a r  LEM-Shelter 
on l u n a r  s u r f a c e ,  q u i e s c e n t  s t o r a g e  for 14 days ,  and r e t u r n  of  
crew to CS1VI; 

4.2 Subsystems 

Crew P r o v i s i o n s :  No change .  

C o n t r o l  and Di sp lays :  No change.  

G&N, S&C: No change. IMU t h e r m a l  problem. 

EPS: Excess ive  p e n a l t y  w i t h  p r e s e n t  sys tem u n l e s s  fue l .  
c e l l s  can  be shut down d u r i n g  q u i e s c e n t  s t a t e ,  
P r e s e n t  c ryogen ics  may n o t  be s u i t a b l e .  

ECS: I n c r e a s e d  water r e q u i r e m e n t s  f o r  day  l a n d i n g ,  

P r o p u l s i o n :  No change,  A d d i t i o n a l  i n s u l a t i o n  r e q u i r e d  
to l i m i t  p r o p e l l a n t  t e m p e r a t u r e s .  

S t r u c t u r e s :  I n c r e a s e  meteoro id  p r o t e c t i o n .  
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Communications and I n s t r u m e n t a t i o n :  Tax i  and S h e l t e r  
s h a r e  LEM f r e q u e n c i e s  and one may have t o  be m o d i f i e d ,  
( Q u e s t i o n  of impact on CM and e a r t h - b a s e d  communi- 
c a t i o n s ) .  Curren t  LEM i n s t r u m e n t a t i o n  and t e l e m e t r y  
s u i t a b l e  f o r  s t a t u s  mon i to r ing  d u r i n g  s t o r a g e  p h a s e ,  

4 .3  LEM-Taxi Weight 

Case 1, Assume: normal LEM systems 
one  f u e l  c e l l  i d l i n g  d u r i n g  q u i e s c e n t  

i n s u l a t i n g  p r e s e n t  a s c e n t  hydrogen i s  
s t o r a g e  

s u f f i c i e n t  

Remove: s c i e n t i f i c  equipment 
TV 

-250 
- 11 

Add : micrometeoroid s h i e l d  i n g  35 
ECS w a t e r  and t a n k s  205 
EPS, f i l l  e x i s t i n g  t a n k s  27 
i n s u l a t i o n  35 

Net change, i n c r e a s e  4 1  lb. 

( s e p .  w t .  i n c r e a s e  106 lb,) 

Case 2 .  Assume: normal LEM sys tems 
t h r e e  f u e l  c e l l s  i d l i n g  d u r i n g  

i n s u l a t i n g  p r e s e n t  a s c e n t  hydrogen 
q u i e s c e n t  s t o r a g e  

i s  s u f f i c i e n t  

Remove: s c i e n t i f i c  equipment 
TV 

-250 
- 11 

Add : micrometeoroid s h i e l d i n g  35 
ECS w a t e r  and t a n k s  509 
EPS, add r e a c t a n t s  and t a n k s  103 
i n s u l a t i o n  35 

i n c r e a s e  416 lb, 

( s e p .  w t .  i n c r e a s e  

4.4 Q u e s t i o n s ,  Changes, and Problem Areas 

Unresolved : 

IMU tempera tu re  l i m i t s  
Abort  c a p a b i l i t y / l a t i t u d e  c o n s t r a i n t  
Landing e j e c t a  damage to S h e l t e r  
S t a t u s  mon i to r ing  
A c t i v i t y  o r  e x t e n t  of q u i e s c e n c e  d u r i n g  s t o r a g e  
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Significant Changes: None 

Major Problems : 

Excessive weight  
Fuel cell l i f e  
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5.0 TYPICAL WEIGHT ESTIMATE 

The f o l l o w i n g  t a b l e  shows t h e  c u r r e n t  subsystem w e i g h t s  
and t h e  type  o f  weight  changes expec ted  i n  a LEM m o d i f i c a t i o n .  
I n  t h i s  p a r t i c u l a r  c a s e  t h e  m o d i f i c a t i o n  i s  f o r  a LEM-Shelter 
assumed t o  have no p r e - u t i l i z a t i o n  s t o r a g e ,  c u r r e n t  open-cycle  
EPS and ECS, 1 kw ave rage  power, and 63 r e p r e s s u r i z a t i o n  c y c l e s  
(nominal  Apollo r a t e  ) . 
S h e l t e r  Ascent 

S t a g e  

1.0 S t r u c t u r e  

2.0 S&C 

3.0 G&N 

4.0 Crew P r o v i s i o n s  

Removed 

68.8 

36.0 

36.9 

111.8 

(crew,  backpacks,  
s u i t s )  576.7 

5.0 ECS 316.2 74.9 

Added Remarks 

remove s u p p o r t s  
and p a n e l s  

200 add meteoro id  
s h i e l d i n g  ( l b b )  & 
equipment s u p p o r t s  

remove a b o r t  
c a p a b 5 l i t y  

remove a b o r t  
c a p a b i l i t y  
remove a l l  e x c e p t  
l i g h t i n g  

add f u r n i s h i n g s ,  
fnnii T i n U  
& " V U ,  Y I V I L  

325 

remove a s c e n t  wa te r  
& t ank ,  L i O H  

2309 add w a t e r  & t a n k s  
159 add L i O H  
705 add oxygen & t a n k s  

'7.0 I n s t r u m e n t a t i o n  
O p e r a t i o n a l  190.5 

S c i e n t i f i c  80.0 80.0 
. -  L .  

4 . e  

remove 
_ .  
. .  . %  . -. 

- 
I 
a 
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S h e l t e r  Ascent  
S t age  

8.0 EPS 

9.0 P r o p u l s i o n  
D r y  

-'A10- 

(cont inued ) 

1/1/65 
Sep  .Wt . Removed 

589.4 

P r o p e l l a n t  4655.2 

10.0 RCS 
3111.5 

P r o p e l l a n t  519.0 

11.0 Communications 115 5 

12.0 C8cD 223.3 

' I ' o ta l  a s c e n t  s t a c e  
at s e p a r a t i o n  101 02. E, 

589.4 

4655.2 

1.70.0 

400.0 

Added 

669 

334 

Remarks 

remove one f u e l  c e l l  
( 6 6 )  8c a s c e n t  
r e a c t a n t s  & t anks  

add hydrogen & t a n k s  

add oxygen & t anks  

remove 

remove 

remove redundancy  

remove AV & p a r t  o f  
r e a c t i o n  c o n t r o l  
p r o p e l l a n t  

-6520 -t- i IT'(Ol 
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S h e l t e r  Descent  
S t a g e  

1 .0  S t r u c t u r e  

2.0 S&C 

3.0 G&N 

4.0 C r e w  P r o v i s i o n s  

5.0 ECS 

6.0 Landing Gear 

7.0 I n s t r u m e n t a t i o n  
O p e r a t i o n a l  
S c i e n t i f i c  

8.0 EPS 

9.0 P r o p u l s i o n  
Dry 
P r o p e l l a n t  

10.0 RCS 
Dry 
P r o p e l l a n t  

11.0 Communications 

3.2:O C&D 

T o t a l  d e s c e n t  s t a g e  
a t  s e p a r a t i o n  

NET REMOVED 
NET ADDED 

1/1/65 
Sep.Wt. 

1208.3 

13.7 
28.0 

25.5 
168.7 

410.0 

5.0 
170 .O 

322.1 

1553.5 
16424.7 

- 
- 

14.1 
- 

20343.6 

AVAILABLE FOR PAYLOAD 
- TOTAL SEPARATION 

WEIGHT 30446 lb. .t x 

- A l l -  

Removed 

15,O 

13.7 
28.0 

25.5 

7.2 
135.9 

170.0 

138.2 

11.5 

-547.0 

-7,067 

Added Remarks 

remove s u p p o r t s  

remove 

remove 

remove 

remove L i O H  

o f f l o a d  l u n a r  s t a y  
w a t e r  

unchanged 

remove 

o f f l o a d  l u n a r  s t a y  
r e a c t a n t s  

remove TV 

O* 

-4,701 
+2 , 366 

- 
m 
0) 

1 0 ,  * Added i tems shown i n  a s c e n t  s tage  column may be i n  a s c e n t  o r  
I 
a 
m 

d e s c e n t  s t a g e s .  


